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Introduction
Femoroacetabular impingement (FAI) is a condition resulting from abnormal contact between the femoral head and the acetabular rim, usually caused by a change in morphology of the proximal femur and/or acetabulum. [1] [2] [3] [4] Ganz et al. 2 described two basic mechanisms of FAI: cam and pincer. The cam mechanism occurs in patients with a non-spherical femoral head or with a decreased offset between the head and neck of femur. The impingement area is typically located on the anterolateral portion of the femoral head-neck junction.
Pincer impingement, in turn, is characterized by acetabular overcoverage caused by an excess of the anterior wall. 1, 2, 4, 5 FAI may decrease the range of motion (ROM) of the hip, especially in internal rotation (IR) of the flexed hip. 2, 6 FAI is described as a cause of hip pain exacerbated by physical activity, and occurs mainly in young adult patients. 4, 5 Clinical symptoms usually do not appear until adulthood; however, detection of FAIM is becoming increasingly common in the pediatric population. 7 Patients often develop cartilage lesions and injury to the acetabular labrum, which can progress to hip osteoarthritis (OA) if the anatomic changes are not treated or the physical activity modified. 2, [8] [9] [10] Adolescent patients who practice sports often perform high-impact activities that require extreme movements of the hip, which may predispose to more frequent and more intense conflicts between the proximal femur and the acetabulum. 11 Physical activity during bone growth seems to be associated with an increased risk of cam-type deformity. Siebenrock et al. suggested that cam impingement in young athletes may be related to an abnormality in the physeal plate. Studies in highperformance adolescent basketball and hockey players found a high incidence of cam type FAI. 3, 12 The purpose of this study was to determine the prevalence of FAIM (both cam and pincer type) in asymptomatic youth 
Materials and methods

Demographics
From July 2012 to July 2013, 56 athletes from a first-division Brazilian youth soccer team were selected to participate in the study. They practice soccer in competition level, training a mean of five hours per day. All athletes were aged 13-18 years and did not have any symptoms of hip pathology. The dominant side of each athlete was identified. The exclusion criteria for this study were any history of treatment for pain related to the hip joint and contraindications or intolerance to MRI.
Written informed consent was obtained from all athletes and from the parents or guardians of athletes under 18 years old. The informed consent form was approved by the local institutional review board.
Magnetic resonance imaging evaluation
MRI was performed in a 1.5-T scanner using the following parameters: panoramic T1 coronal sequences including both hips (echo times of 10-14 ms and repeat times between 400 and 600 ms) and T2 (echo times of 35-70 ms and repeat times between 2000 and 3500 ms), with a slice thickness of 5 mm and 512 × 256 line matrix with a field of view of 33-36 cm; T2 sequences focused on the hip joints, with and without fat saturation in the coronal, sagittal, and oblique axial slices, with a thickness of 4 mm and a 384 × 224 line matrix with a field of view of 22-25 cm.
Based on the radiographic appearance of the capital femoral physis on MRI, participants were stratified into those with open physeal plates and those with closed physeal plates.
Cam morphology was evaluated by measuring the alpha angle and femoral head-neck offset. The alpha angle was measured on an oblique axial sequence as described elsewhere in the literature. Participants with an alpha angle ≥55 • were diagnosed with cam morphology 13, 14 (Fig. 1) .
The femoral head-neck offset was measured by drawing a line in the center of the femoral head and neck and two parallel lines, one along the anterior cortex of the femoral neck and the other along the anterior outer part of the femoral head. The distance between the second and third lines corresponds to the head-neck offset, and, when less than 7 mm, is indicative of cam deformity 15 (Fig. 2) .
The diagnosis of pincer morphology was established by measuring the center-edge angle (CEA), or Wiberg angle, and the acetabular index (AI), or Tönnis angle. A CEA ≥39 • or AI ≤0 • indicates pincer deformity. The CEA was measured on the coronal plane, between a vertical line passing through the center of the femoral head and another line drawn from the center of the femoral head to the lateral acetabular rim. The AI is defined as the angle between a horizontal line and another line connecting the medial point of the sclerotic zone of the acetabular roof and the lateral edge of the acetabulum 16, 17 ( Fig. 3) .
Other MRI alterations consistent with FAI considered by the examining radiologists were osseous bump, 18 synovial pit, 6, 7, 14, [19] [20] [21] [22] bone edema in the femoral neck, acetabular osteitis and lesions of the labrum and/or acetabular cartilage.
Physical examination
A physical examination of the hip was performed by an orthopedic surgeon specializing in hip surgery. ROM was measured with a manual goniometer in flexion, extension, IR, external rotation (ER), adduction, and abduction. Specific tests for anterolateral and posteroinferior impingement were also performed.
The anterior impingement test was performed with the patient in the supine position, flexing the hip 90 • , with adduction and internal rotation. The test was considered positive if it elicited pain. 2, 6 The posteroinferior impingement test was performed with the patient in the supine position, hanging the leg over the end of the bed while in extension and external rotation. Again, the test was considered positive if the patient reported pain. 20, 23 
Statistical analysis
Two independent musculoskeletal radiologists, blinded to physical examination findings, analyzed the MRI scans. Concordance between their results was assessed using the kappa index, which is considered satisfactory when >0.7. In case of discrepancy between examiners, a third, experienced radiologist conducted another evaluation.
The results were entered into a Microsoft Excel spreadsheet and exported to PASW Statistics, version 18.0, for analysis. Quantitative variables were described as means and standard deviations, and categorical variables, as absolute and relative frequencies. Prevalence was reported with 95% confidence intervals. Comparisons of continuous variables were performed using the independent samples t-test. 
Results
Baseline demographics
A total of 56 male athletes (112 hips) were included in the study. No athletes were excluded. The mean age was 15.3 years, with a distribution as shown in Table 1 . The right side was dominant in 80.3% (45/56) of the athletes. There was no significant difference in the prevalence of FAIM on comparison of the dominant and contralateral hips.
MRI findings
Concordance between the findings of the two examining radiologists was satisfactory; therefore, analysis by a third radiologist was not necessary. The best inter-rater concordance was in the alpha angle, with a kappa coefficient of 0.91. The prevalence of abnormalities characteristic of FAIM was 84.8% (95/112) (95%CI 78-91.5%). The MRI changes observed, and their respective prevalence, are described in Table 2 .
Abnormal alpha angle (≥55 • ) was observed in 77.7% (87/112) of hips, while abnormal femoral head-neck offset (<7 mm) was seen in 57% (64/112). The alpha angle was altered in all individuals with reduced offset. The physeal plate was open in 23.2% (13/56) of athletes. There was no significant difference in the prevalence of altered alpha angle between athletes with an open physeal plate and those with a closed physeal plate.
After stratification of athletes by age, the prevalence of altered alpha angle ranged from 63.6% (7/11) in 16-year-olds 100% (6/6) in 18-year-olds. There were no significant differences in prevalence across different ages. Areas of bone marrow edema (BME) were observed in the femoral head-neck junction of 24 hips (21%), all of which exhibited an elevated alpha angle. Acetabular labral lesions were identified in 10 hips and chondral lesions were found in three.
All hips had an AI ≥2 • . A CEA >39 • was seen in 10.7% (12/112) of the hips, indicating a diagnosis of pincer deformity.
Pooled analysis of MRI findings (Table 3) showed that most of the hips (76.8%) had more than one alteration suggestive of FAI, and >50% had four or more such changes.
Correlation between MRI and physical examination findings
The results of ROM measurement are presented in Table 4 . There was no significant association between ROM and MRI findings consistent with FAI. Concerning the posteroinferior and anterolateral impingement tests, the former was negative in all athletes, while the latter was positive in 17 hips, of which 15 showed findings suggestive of FAI on MRI scans. There was no significant difference in the prevalence of positive impingement test results between hips with and without signs of FAI. Even when an alpha angle ≥65 • was considered diagnostic of cam-type impingement, there was no correlation between alpha angle and positive anterolateral impingement test. There was no correlation between MRI changes and physical examination findings.
Discussion
Physical activity during bone growth may be associated with an increased risk of FAI deformity, which can progress to hip OA during adulthood. This is the first study to assess the prevalence of MRI changes consistent with FAIM in asymptomatic youth soccer players and analyze the potential correlation between these changes and physical examination findings.
The prevalence of MRI changes indicative of FAIM in the present sample was 84.8%. This is a higher prevalence than that reported in previous studies of soccer players. [24] [25] [26] When comparing the prevalence of pathological alpha angle only (≥55 • , cam-type deformity), the 77.7% rate found in the present study was higher than those reported by Gerhardt et al. 25 (68%) and Johnson et al. 26 (60%), both studies that evaluated adult soccer players using plain radiography. It was also higher than the 26% prevalence reported by Agricola et al. who evaluated adolescent soccer players using plain radiography, but considering the alpha angle abnormal only if >60 • . [24] [25] [26] This can be explained by the greater sensitivity of MRI compared to plain radiography in identifying changes that characterize FAI. [27] [28] [29] The excellent concordance between the examining radiologists in measuring the alpha angle, with a kappa coefficient of 0.91, demonstrates the reproducibility of MRI for diagnosis of cam-type impingement.
MRI findings of cam deformity in the present sample were very similar to those reported in previous studies of adolescent athletes in other sports. Siebenrock et al. 30 reported an 89% prevalence of cam deformity in basketball players aged 9-25 years, including after physeal closure. Philippon et al. found an alpha angle ≥55 • in 75% of hockey players between the ages of 10 and 18. 21 Comparing the prevalence of cam deformity in the present study with the results of Frank et al. 31 in a systematic review about prevalence of FAIM in asymptomatic volunteers, it was higher than the 37-54.8% found in athletes and much higher than the 23.1% in the general population.
A high prevalence of cam-type impingement morphology in young high-level athletes corroborates the hypothesis proposed by Siebenrock et al., 12 which suggests a direct relationship between physical activity and a higher incidence of cam-type FAIM, probably due to enlargement of the physeal plate. The finding of MRI evidence of BME in the femoral head/neck junction in 21.4% of hips (24/112) in this sample is highly suggestive of stress-related changes, which suggest active FAI and probably precede the development of femoral head-neck bump deformity.
The prevalence of cam deformity was similar between athletes with open and closed physeal plates, which suggest that the cam is formed even before physeal plate growth is completed. If this lesion is caused by stress from bone impaction, the earlier it starts, the greater the potential for damage; the immature skeleton is more complacent, and can easily be remodeled by abnormal forces.
There was no correlation between dominant side and prevalence of FAIM, which suggests there is no specific activ-ity or movement that causes FAI. Simple stress over the physis during physical activities could explain the high prevalence of cam-type impingement morphology.
The identification of two or more MRI changes indicative of FAI in 76.8% of hips, in an entirely asymptomatic sample, underlines the importance of careful assessment when recommending surgical procedures to patients in whom diagnosis is based solely on MRI findings. Monitoring of athletes could help define how many of these patients would develop symptoms and require surgery. Follow-up of the present sample would allow identification the incidence of chondral and labral lesions in youth soccer players, as well as identification of which level of sports practice intensity could be considered a risk factor for hip OA.
When athletes with signs of impingement on MRI were compared to those with normal hips, no significant differences in ROM or anterolateral and posteroinferior impingement test results were found. This suggests that, in asymptomatic youth soccer players, physical examination findings are inconclusive regarding the diagnosis of FAI. Furthermore, it suggests that MRI can reveal abnormalities consistent with FAIM before they become apparent on clinical examination.
The inverse relationship between increased prevalence of FAI and reduced IR described in the literature was not confirmed in this study, probably because the sample was asymptomatic and very young (i.e., a subclinical population). 32 Any decrease in IR or ER could be important, because of the possibility of increased risk of anterior cruciate ligament rupture. 33 
Limitations
The limitations of this study include the lack of a control group of adolescents who did not practice physical activities at a high level. We plan to conduct a matched case-control study to evaluate the prevalence of these findings in a normal population. In addition, the age range of the athletes could have been extended down to 10 years, which would have allowed better assessment of the timing of FAIM onset, especially of cam-type FAI.
Conclusion
The youth soccer players who participated in our study had a high prevalence of abnormalities characteristic of FAIM on MRI. Physical examination findings did not correlated with MRI evidence of FAIM.
